AFRL-ML-WP-TR-2000-4157

EVALUATION OF SELECTIVE
STRIPPING TECHNOLOGY

CHARLES H. CUNDIFF
JASON R. VARNER

SOUTHWEST RESEARCH INSTITUTE
P.O. DRAWER 28510
SAN ANTONIO, TX 78228-0510

SEPTEMBER 2000

FINAL REPORT FOR PERIOD 01 SEPTEMBER 1999 — 30 SEPTEMBER 2000

| Approved for public release; distribution unlimited |I

20010215 108

MATERIALS AND MANUFACTURING DIRECTORATE
AIR FORCE RESEARCH LABORATORY

AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OH 45433-7750

DTIC QUALITY INIFICIED 4




NOTICE

USING GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER DATA
INCLUDED IN THIS DOCUMENT FOR ANY PURPOSE OTHER THAN
GOVERNMENT PROCUREMENT DOES NOT IN ANY WAY OBLIGATE THE
US GOVERNMENT. THE FACT THAT THE GOVERNMENT FORMULATED
OR SUPPLIED THE DRAWINGS, SPECIFICATIONS, OR OTHER DATA DOES -
NOT LICENSE THE HOLDER OR ANY OTHER PERSON OR CORPORATION;
OR CONVEY ANY RIGHTS OR PERMISSION TO MANUFACTURE, USE, OR
SELL ANY PATENTED INVENTION THAT MAY RELATE TO THEM.

THIS REPORT IS RELEASABLE TO THE NATIONAL TECHNICAL
INFORMATION SERVICE (NTIS). AT NTIS, IT WILL BE AVAILABLE TO THE
GENERAL PUBLIC, INCLUDING FOREIGN NATIONS.

THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION.

ZH/MWV/ L’J Qj,a/r\/‘/«ux £

BARNARD T. GHIM, MAJ USAF
Project Engineer

Coatings Technology Integration Office
Logistics Systems Support Branch
Systems Support Division

é“\ Ca \40\1’ ()\
GARYR. KEPPLE
Assistant Chief
System Support Division
Materials & Manufacturing Directorate

STEPHAN M. WOLANCZYK
Acting Chief

Logistics Systems Support Branch
Systems Support Division

Do not return copies of this report unless contractual obligations or notice on a

specific document requires its return.




REPORT DOCUMENTATION PAGE DM N, Ur08-0708

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for
reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and
reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information
Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of

n nt and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY(Leave Blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
September 2000 Final 09/01/99 - 09/30/00
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
CONTRACT #
luati i ipping Technol
Evaluation of Selective Stripping Technology N00600-97-D-2733

6. AUTHOR(S)

Charles H. Cundiff & Jason R. Varner

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Southwest Research Institute
P.O. Drawer 28510, Attn: Mary Marshall
,.San.Anton_io,,_Texas T8228-0510. . o o e e )

~ Wright-Patterson AFB, OH 4 433-7750
-~ POC: Major Bernard T Ghlm AFRL/MLSSO 937.255. 0943

\9 SPONSORING MONITORING AGENCY NAME(S) AND ADDRESS(ES) |0, SPONSORING/MONITORI_NG
Materials & Manufacturing Directorate e AGENCY REP NUMBER ;
- Atr-Force Researeh-Laberatory; Air Force Materiel Command-- - T AFRL-MI-WPOTR-3000-4157

11 SUPPLEMENTARY NOTES

12a DISTRIBUTION/AVAILABILITY STATEMENT - 12b. DISTRIBUTION CODE -
Approved for Public Release - Distribution Unlimited B

3. ABSTRACT _

i Southwest Research Institute, actinig on behalf of the Air Force Coating Technology Integration Office (CTIO), has

. completed a test prograin assessing dry media blast (DMB) selective stripping of a Coating system orlgmally developed fo

. work well with high-pressure water blast stripping. The goal was to determine any feasibility of using'a DMB process for
selective stripping of the topcoat from the coating system containing the barrier coating.

14 SUBJECT TERMS L : ' s E - : _ 15 NUMBER OF PAGES
Selective strlppmg, dry medla blast (DMB) hlgh ressure water blast 8 .
strlppmg, barrler coatmg, and Sponge Jet Silver edla § : 16. PRICE CODE

17 SECURITY CLASSIFICATION 18. SECURITY CLASS 19. SECURITY CLASS 20. LIMITATION ABSTRACT
OF REPORT OF THIS PAGE. OF ABSTRACT , '

Unclassified . . Unclassified Unclassified v ‘SAR~

Standard Form 298 (Rev.2-89).
Prescribed by ANSI Std 2239-1 8
298-102° - -




SwRI 01-2243-911

TABLE OF CONTENTS
EXECUTIVE SUMMARY ....ocooeiiireeireesesseseesssesssssssssssssssssssesssssssosssessessssesesssssessesssssassnssasaes 1
1.0 IITOAUCHON «oveeeeeeceerceeeeecreeeeeeeesreesanesseesstassssessssssssassssnsrsassssnensesssarsesnsessssessassnsessnsasne 3
2.0 TSt APDPIOACH ...cvvereeetsteerrerrecere et b s a s s bbb sas s n e 3
2.1 Media FIow Rate CaliDIAtiOn ......c.ccccceveeerrneerreessseresssessseeessaresssesssnessssersassssssssssssssssanns 3
2.2 Selective Stripping EffeCtiVENESS......coccvvmnirererireriirerieriniiiiiiincssssssnsisssssssssssssssssnsens 4
3.0 RESUIES «eeeeeeeieeeeeeeeeeseeeeeeessseesesessnesssssssesssesassnsssassssssssansmasssessasesssssssssesssssnsessssssnsssssssrnnsnnes 5
3.1 TYPE VIMEIA... uccciiceeccreiniinsetesstsssse s sse st ssse s s b s sen s s ssssnes 5
3.2 TYPEIMEMIA...ucecreeeerereereereereccstssseiesists s ssasass st nsasbssssssas s sssessasasassssasasassenes 9
3.3 SPONEE BIASt™ MEIA......ooevreererrerrisesesnsesssesessssasassssssssssssessssssmasssssssssssessssesssessssssssscsens 13
3.4 Sponge-Jet® SIIVEr MEdia ........oveuemesvrreesseresseesssssssssssessssssssssssssessssssssessasessssssassssseen 16
4.0  DiSCUSSIONS/CONCIUSIONS ... eicviruierrrerreeeersessseeeecseesseessensssesssesssessnessssssessnsasassssssssassassasssnes 23
5.0  ReCOMMENAALIONS ..ueceiuereeieireriieerriererreesseesecesssessetrosssnossstsssasssssessssesssasssssssrsesssssssassssssssns 24

iii




Figure 3.1.1
Figure 3.1.2
Figure 3.1.3
Figure 3.1.4
Figure 3.2.1
Figure 3.2.2
Figure 3.2.3
Figure 3.2.4
Figure 3.3.1
Figure 3.3.3
Figure 3.4.1

Figure 3.4.2
Figure 3.4.3
Figure 3.4.4

Figure 3.4.5
Figure 3.4.6

LIST OF FIGURES

Flow Controller Calibration Using Type V Media (30/40 mesh)...............
Type VDMB on S1 Test Panel ..................ooo
Type VDMB on S2 Test Panel ...
Type V DMB on S2 Test Panel with Best Strippability Results ...............
Flow Controller Calibration Using Type I Media .............................
Type IDMB on S1 TestPanel ...................co
Type IDMB on S2 Test Panel .............c..oooooi
Type I DMB on S1 Type Panel Done by U.S. Technology .....................
Sponge Blast™ on S1 Test Panel ...
Sponge Blast™ on S2 Test Panel ...
Sponge Jet® Silver Media DMB using Double Venturi Nozzle on S1 Test Panel
with Acceptable Stripping .............coooiiiiiiiiiiii
Sponge Jet® Silver Media DMB using Fan Nozzle on S1 Test Panel with
Reasonable Strpping ..........ooooiviiii i
Sponge Jet® Silver Media DMB using Double Venturi Nozzle on S2 Test Panel
with Acceptable StHppIng ..o
Sponge Jet® Silver Media DMB using Fan Nozzle on S2 Test Panel with
Acceptable StHPPING .......coooviiiiiii
Unacceptable Selective Stripping with Sponge Jet® Silver Media, S1 Test Panel
Unacceptable Selective Stripping with Sponge Jet® Silver Media, S1 Test Panel

iv

17
18
20
21

21
22




SwRI 01-2243-911

LIST OF TABLES
Table 3.1.1 Selective Stripping Using Type V Media, S1 Panels..........cccccovrvevirnnninnnrnnne, 6
Table 3.1.2 Selective Stripping Using Type V Media, S2 Panels...........ccccooeniiiinnnnnneennnns 7
Table 3.2.1 Selective Stripping Using Type I Media, S1 Panels .........cccccevevcvccnsinnrnnninnncnnne. 10
Table 3.2.2 Selective Stripping Using Type I Media, S2 Panels .................................................. 11
Table 3.3.1 Selective Stripping Trials with Sponge Blast” Media..........ocevereeeecereereersreersrneene 14
Table 3.4.1 Selective Stripping Using Sponge Jet Silver Media, S1 Panels.......cccceceeuiccncnne 19
Table 3.4.2 Selective Stripping Using Sponge Jet® Silver Media, S2 Panels.........c..ooovvvvevunnenes 23




SwRI 01-2243-911

EXECUTIVE SUMMARY

Title: Evaluation of Selective Stripping Technology
AF Customer: Air Force Research Laboratory, Coatings Technology Integration Office
Report Period: October 1998 — June 2000

1.0 Introduction

Southwest Research Institute has completed a test program assessing dry media blast (DMB)
selective stripping of a coating system originally developed to work well with high-pressure
water blast stripping. The design of this system is such that the topcoat is selectively removed,
leaving an intermediate barrier coating intact. Since the barrier has not been damaged, the
underlying primer coating has been protected, and there is no toxic waste associated with this
stripping process because the primer is the only component of the system containing toxic
materials. The goal of this project was to determine any feasibility of using a DMB process for
selective stripping of the topcoat from the coating system containing the barrier coating.

2.0 Approach

DMB processes used for this assessment were based on readily available media. DMB
processes, based on several media, were varied in attempts to achieve acceptable selective
stripping. Selective stripping was considered acceptable if the topcoat was removed with no or
very minimal damage to the barrier coating.

3.0 Results

In general, there was limited acceptable selective stripping with the DMB processes evaluated by
this project. The only process tested in thls project that showed any significant success was
based on a sponge-like media, Sponge Jet® Silver Media. A similar media had been assessed
earlier in the project, but without the same control of the process parameters, and also without
benefit of more sophisticated equipment specifically designed for the media. It is thought that
these improved process controls contributed to the successful selective stripping observed with
this process. None of the other media/process combinations appeared to offer much hope of
successful selective stripping.

4.0 Conclusions/Recommendations

In the development of the barrier system, Battelle Memorial Institute has developed test data that
suggests that the most effective selective stripping with the water blast process is achieved after
conditioning test materials with UV light', which is intended to simulate exposure to natural
sunlight. The test materials used for these assessments under this new SwRI activity did not

'IT. Stropk1 R.L. Wolterman, R.E. Russell III, and R.I. Slife, “Weatherability Assessment of a Barrier Coatmg
System”, Proceedings of the DoD/Industry Aerospace Coatmgs Conference May, 1999.
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undergo this conditioning. It has been suggested by Battelle that test results associated with the
SwRI project may be influenced by this lack of conditioning. It is difficult to determine whether
the lack of larger scale feasibility is attributable to this factor, or whether the nature of the
coating system is such that feasibility for DMB selective stnppmg is limited by other factors
such as the formulation of the barrier coating.

A better understanding of the effect of coatings aging is needed to determine the real feasibility
of DMB selective stripping. The results seen with one media/process combination suggests that
DMB selective stripping is possible, but integration of this coating system into Air Force
operatlons using DMB stripping will not be feasible without a more thorough assessment of
aging effects on the stnppablhty Once these effects are studied, the coating system for use with
DMB processes would most likely need optimization, which may include reformulation of the
basic resin system of the barrier coating to improve the selective with DMB stripping processes.
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EVALUATION OF SELECTIVE STRIPPING TECHN OLOGY

1.0 INTRODUCTION

Current Air Force coatings systems, as applied to bare metal substrate, are comprised of a
chromated primer covered with one or more overcoatings to form the complete system. During
periodic aircraft maintenance, and sometimes field repair, the coating system is removed to
perform some types of maintenance. The application of chromated primers produce VOCs, and
the removal of these chromated materials creates a large toxic waste stream in combination with
spent depaint materials such as plastic media, chemical strippers, and other solid waste.

A reduction of these toxic products may be accomplished through the use of special release
coatings and/or removal techniques that do not disturb the chromated primer while still allowing
the maintenance to be performed. The Warner Robins Air Logistics Center (WR-ALC) approach
has demonstrated a potential for an intermediate or barrier coating that permits the removal of
the topcoat, while protecting the chromated primer from damage (removal) when used in
conjunction with a pressurized water blast depaint system.

A barrier coating system is being considered for use by the Air Force. This coating system was
developed by Battelle under contract with WR-ALC/TIEDM, and was formulated for removal
through the use of a high-pressure water blast procedure. It was desired to see if any of the
readily available dry media could produce similar results to water blasting. The media/processes
evaluated by this project were Type V, Type I, U.S. Technology Sponge Blast ", and Sponge-
Jet® Silver.

A number of process parameters influence the strippability of the media. Blast pressure, media
flow rate (MFR), standoff distance (SOD), angle of impingement, and traverse rate are the
primary variables of DMB processes. These parameters were varied to affect stripping of the
topcoat and leaving the barrier coat intact. This effort was not a true optimization of any one
process, but an evaluation of the feasibility of various media/process parameters combinations to
selectively remove the topcoat without disturbing the barrier layer.

2.0 TEST APPROACH
2.1 Media Flow Rate Calibration

The dry media booth at WR-ALC is equipped with an auger valve manufactured by Pauli
Systems, Inc. and is equipped with a dial-in valve controller which has a range of 0-100% for the
valve speed. As the valve rotates, an opening allows media to fall into the blast stream. As the
speed of the valve and its subsequent rotation increases, more media is allowed into the blast
stream, which gives higher media flow rates. The difficulty is that different media types will
have different corresponding MFRs over the range of the valve speed due to differences in
density and particle size. In order to have repeatability between blasts and the convenience of
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using the dial-in controller, an accurate relationship between the controller and the actual MFR is
needed for each media type.

To develop this relationship, media was blasted into a steel drum specially designed to remove
the air buildup by venting the blast air out of the drum through a filter bag that retains the media
in the drum. The blasting was timed for one minute and the media was then transferred
cautiously to a bucket and weighed using a hook scale. This procedure was performed three
times each at 10%, 30%, 50%, 70%, and 90% flow. The weight of the bucket was subtracted
from each value and then the three values were averaged. A linear graph was produced from the
results and became the reference from which all MFRs were determined. This calibration was
performed for every media type prior to testing. The dry booth and hoses were thoroughly
cleaned of used media before a new type was introduced to the system. Furthermore, effort was
made to move from less aggressive to more aggressive media types to minimize any damaging
effect of residual media that remained in the system after cleanup. The only exception is that
testing at WR-ALC began with the most aggressive media of those studied, Type V, because it
was already loaded into the dry media booth.

2.2 Selective Stripping Effectiveness

Stripping effectiveness assessments were conducted with a venturi nozzle (VN) typically used in
Air Force coatings removal operatlons and with a double venturi nozzle (DVN) for Type I
media, Sponge Blast™ and Sponge-Jet® media. In some instances as noted below, a fan nozzle
was also used for limited assessments to investigate the possibility that a significantly different
nozzle design might have some effect on acceptable strippability.

Traverse rates were controlled by the XY translation stage control system and recorded. The
various types of media react differently to changes in the process parameters, and so it was
necessary to make decisions about parameter changes after each blast on the test panel. The goal
was to find parameters that approached the smooth, uniform stripping of the water-based
process. In most cases, testing was suspended when it became apparent that the media was
incapable of removing the topcoat layer in a uniform manner and without damaging the barrier
coating.

Two primer/topcoat combinations were used. S1 is the designation for the standard polyurethane
system and uses the MIL-P-23377G, Type 1, Class 2 primer. Type S2 uses the urethane primer,
TT-P-2760, Type 1, Class 2. Specific data on coatings used including manufacturer, product
name, lot number, and application data was not requested from Battelle, but the materials used
for preparations of the SwRI test panels are believed to have been used by Battelle in studies
conducted by Battelle. Panels were labeled as “S.x.y.” where S stands for set, x is the
primer/topcoat system, and y is in numerical sequence of the panel marked as needed by the
testing.

Strip rate data was only determined for those instances when stripping effectiveness approached,
or met acceptable selective stripping criteria. Strip areas were based on the width of the area
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stripped successfully (or nearly successfully) and were multiplied by traverse rates times to
derive area stnpped per second. Multiplying this number by 60 sec/144"in® yields a strip rate
value of ft’/min. Successful selective stripping was judged to be the majority of the topcoat
removed within the blast footprint defined by each nozzle, with no or very minimal barrier
coatmg damage as determined by visual observations. An acceptable selective strip rate of 0.75
ft*/min has been cited in the project Test Plan.

3.0 RESULTS
3.1 TypeV Media
The flow controller was calibrated for Type V (MIL-P-85891A) media using the procedure

outlined in Section 2.1. The resulting graph of the media flow rate over the range of the valve is
shown below in Figure 3.1.1.
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Figure 3.1.1 Flow Controller Calibration Using Type V Media (30/40 mesh)

After performing a successful calibration, testing began on the panels. The panels were mounted
on a fixed frame in the dry media blast booth. The nozzle was aligned using a level, and the
standoff distance was verified with a tape measure. A needle gauge was inserted into the air
hose at the nozzle holder, blasting commenced, and the blast pressure was adjusted to the desired
value. These steps were repeated multiple times as process parameters were changed. The
process parameters were entered into the lab notebook and also on the panels themselves using a
permanent marker. An objective description of the strip quality was also noted in the lab
notebook. The data for Type V media for S1 and S2 test materials are presented below in
Table 3.1.1 and Table 3.1.2, respectively.
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Table 3.1.1 Selective Stripping Using Type V Media, S1 Panels

Pressure, v,

SOD, in | Angle, deg psi in/sec Nozzle MFR, Ib/hr Stripping Results
21 60° 30 0.8 VN 600 complete removal of the coating system to bare substrate
21 60° 30 0.8 VN 325 complete removal of the coating system to bare substrate
21 60° 30 1.6 VN 325 complete removal of the coating system to bare substrate
21 60° 20 1.0 VN 325 complete removal of the coating system to bare substrate
21 45° 20 1.6 VN 325 complete removal of the coating system to bare substrate
21 45° 15 1.6 VN 325 complete removal of the coating system to bare substrate
21 45° 15 1.2 VN 325 complete removal of the coating system to bare substrate
21 45° 15 1.4 VN 325 complete removal of the coating system to bare substrate
21 45° RE 14 VN 325 complete removal of the coating system to bare substrate
21 45° 15 1.6 VN 325 complete removal of the coating system to bare substrate
21 90° 15 12 VN 325 complete removal of the coating system to bare substrate
21 90° 15 1.6 VN 325 complete removal of the coating system to bare substrate
21 90° 15 25 VN 325 complete removal of the coating system to bare substrate
21 45° 15 1.6 VN 260 90% topcoat removed, barrier and primer damage showing
21 30° 15 1.6 VN 260 90% topcoat removed, barrier damage, primer showing
21 35° 15 1.6 VN 260 specks of topcoat residue, with damage to barrier and primer
21 35° 15 1.6 VN 260 50% topcoat removal, significant barrier erosion
24 60° 15 1.6 VN 260 40% topcoat removal, significant barrier erosion
30 60° 20 1.6 VN 325 60% topcoat removal, barrier and primer erosion
30 60° 15 1.6 VN 325 30% topcoat removal, barrier and primer erosion
30 60° 15 1.6 VN 470 40% topcoat removal, barrier and primer erosion
30 60° 10 1.6 VN 470 30% topcoat removal, barrier and primer erosion
30 45° 15 1.0 VN 600 50% topcoat removal, barrier erosion
36 60° 20 1.6 VN 470 40% topcoat removal, barrier and primer erosion
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.Table 3.1.2 Selective Stripping Using Type V Media, S2 Panels

Pressure, v,

SOD, in Angle, deg psi in/sec Nozzle MFR, Ib/hr Stripping Results
30 60° 15 1.6 VN 325 30% topcoat removal, no barrier damage
30 60° 15 14 VN 325 " 30% topcoat removal, no barrier damage
30 60° 15 1.2 VN 325 ) 40% topcoat removal, no barrier damage
30 60° 15 1.0 VN 325 40% topcoat removal, no barrier damage
30 60° 15 1.0 VN 470 80% topcoat removal, barrier and primer damage
30 60° 15 . 1o VN 600 70% topcoat removal, some barrier damage
30 45° 15 1.0 VN 600 80% topcoat removal, barrier damage
30 45° 15 1.0 VN 600 80% topcoat removal, barrier and primer damage
30 45° 15 1.0 VN 600 80% topcoat removal, barrier and primer damage
30 45° 15 1.0 VN 600 20% topcoat removal, no barrier damage
30 45° 15 1.0 VN 600 - 20% topcoat removal, no barrier damage
30 45° 15 1.0 VN 600 70% topcoat removal, some barrier damage
33 60° 15 1.0 VN 470 50% topcoat removal, some barrier damage
33 60° 15 1.0 VN 600 10% topcoat removal, no barrier damage

Type V media was found to be too aggressive on both primer systems. Visual inspection showed
non—uniform strips with varying degrees of damage. Stripping results were also not consistent
between different panels with the same primer coating. The cause of the inconsistencies is
presumed to be associated with the coating system, since the depaint process was well controlled.
These observations are illustrated in Figures 3.1.2 and 3.1.3. Passes 9 through 12 on a S2 panel
showed the best results of all the Type V attempts (Figure 3.1.4), but the blasts still show non-
uniform stripping with random specks of topcoat, barrier, primer, and bare substrate at the edge
of the test panel. It was decided to cease Type V testing, after further attempts did not improve
the quality of the stripping.
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Figure 3.1.3 Type V DMB on S2 Test Panel
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Figure 3.1.4 Type V DMB on S2 Test Panel with Best Strippability Results
3.2 TypelMedia

Type I (MIL-P-85891A) media is a less aggressive media than Type V. To minimize residual
traces of Type V media from influencing further testing, the dry media booth was carefully
cleaned and purged of Type V media. This cleanout included removing the bellows from the
robot x-stage and cleaning the x-stage internals thoroughly. When completed, the booth was
recharged with Type I media and allowed to run through a blast and reclamation cycle before
testing on test materials began.

At this time, it was necessary to recalibrate the flow controller. The procedure used was the
same as for the Type V media. The calibration data was again graphed and fitted to a linear
relationship. This graph was used to set flow rates into the flow controller.
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Figure 3.2.1 Flow Controller Calibration Using Type I Media
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The data for Type I media and S1/S2 test materials were obtained in the same manner as the
Type V data with the exception that the double venturi nozzle was the primary used for this
assessment per the recommendations of U.S. Technology, the media manufacturer. These data
are presented below in Table 3.2.1 and Table 3.2.2, respectively.

Table 3.2.1 Selective Stripping Using Type I Media, S1 Panels
Pressure, v,
SOD,in | Angle, deg psi in/sec Nozzle MFR, Ib/hr Stripping Results
8 45° 25 30 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 35 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 4.0 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 2.0 DVN 330 90% removal of the topcoat, barrier damage
8 45° - 25 25 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 3.0 DVN ‘330 90% removal of the topcoat, barrier damage
8 45° 25 1.1 DVN 170 10% removal of the topcoat, no barrier damage
8 45° 25 13 DVN 170 no stripping, topcoat roughened
8 45° 25 15 DVN 170 no stripping, topcoat roughened
] 45" 25 3.0 DVN 650 90% removal of the topcoat, barrier damage
8 45° 25 35 DVN 650 90% removal of the topcoat, some barrier damage
8 45° 25 4.0 DVN 650 80% removal of the topcoat, some barrier damage
8 60° 25 4.0 DVN 650 90% removal of the topcoat, barrier damage
8 60° 25 45 DVN 650 90% removal of the topcoat, some barrier damage
8 60° 25 5.0 DVN 650 80% removal of the topcoat, some barrier damage
12 45° 25 1.0 VN 330 topcoat removed, significant barrier erosion
12 45° 25 2.0 VYN 330 40% topcoat removal, no significant barrier erosion
12 45° 25 1.8 VN 330 40% topcoat removal, no significant barrier erosion
12 45° 25 1.6 VN 330 80% topcoat removal, barrier erosion
12 45° 25 2.5 FAN 480 no topcoat removal
12 45° 25 1.5 FAN 480 5% topcoat removal, no barrier damage
12 45° 25 1.75 FAN 480 5% topcoat removal, no barrier damage
12 45° 25 2.0 FAN 480 5% topcoat removal, no barrier damage
12 45° 25 2.0 DVN 650 90% removal of the topcoat, some barrier damage
12 45° 25 25 DNV 650 90% removal of the topcoat, some barrier damage
12 45° 25 3.0 DVN 650 60% removal of the topcoat, some barrier damage
12 60° 25 4.0 DVN 650 30% topcoat removal, some barrier damage
12 60° 25 4.5 DVN 650 10% topcoat removal, no barrier damage
12 60° 25 5.0 DVN 650 10% topcoat removal, no barrier damage
12 60° 25 4.0 DVN 650 80% removal of the topcoat, some barrier damage
12 60° 25 45 DVN 650 70% removal of the topcoat, some barrier damage
12 60° 25 5.0 DVN 650 70% removal of the topcoat, some barrier damage
16 45° 25 1.6 DVN 330 90% removal of the topcoat, barrier damage
16 45° 25 1.0 DVN 650 90% removal of the topcoat, barrier damage
16 45° 25 15 DVN 650 90% removal of the topcoat, some barrier damage
16 45° 25 2.0 DVN 650 60% topcoat removal, no barrier damage

10
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Table 3.2.2 Selective Strip ihg Using Type I Media, S2 Panels

Pressure, A\ .
SOD, in Angle, deg psi in/sec Nozzle MEFR, Ib/hr Stripping Results
8 45° 25 3.0 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 35 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 4.0 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 2.0 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 2.5 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 3.0 DVN 330 90% removal of the topcoat, barrier damage
8 45° 25 . 11 DVN 170 10% removal of the topcoat, no barrier damage
8 45° 25 13 DVN 170 no stripping, topcoat roughened
8 45° 25 15 DVN 170 no stripping, topcoat roughened
8 45° T 28 30 DVN 650 90% removal of the topcoat, barrier damage
8 45° 25 35 DVN 650 90% removal of the topcoat, some barrier damage
8 45° 25 4.0 DVN 650 80% removal of the topcoat, some barrier damage
8 60° 25 4.0 DVN 650 90% removal of the topcoat, barrier damage

In general, the selective strip results observed with Type I media was much the same as seen
with Type V media DMB. Figures 3.2.2 and 3.2.3 show fairly typical results from testing
conducted at WR-ALC. This testing indicated it was very difficult to achieve good topcoat
removal without also producing barrier damage. Figure 3.2.4 is a picture of a panel stripped
manually by U.S. Technology with the same media that is very acceptable. This effort was
conducted independently from CTIO efforts, and CTIO efforts were meant to try to replicate this
accomplishment based on the process parameters supplied by U.S. Technology with no
significant success.

The primary differences between the panels stripped by U.S. Technology is that the coating
system on the test panel supplied to U.S. Technology was substantially older than the CTIO test
materials, and possibly a different batch of coating materials was used for this panel versus the
CTIO test materials. All test materials were prepared by Battelle, and data to substantiate panel
differences were not requested from Battelle.
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Figure 3.2.2 Type I DMB on S1 Test Panel

vpe I DMB on S2 Test Panel

Figure 3.2.4 Type I DMB on S1 Type Panel Done by U.S. Technology
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3.3 Sponge Blast" Media

Testing with a new media produced by U.S. Technology Corporation was conducted at their
facilities. These efforts were observed and documented by SwRI. The media used for
conducting these tests is a urethane foamed ‘sponge,” which encapsulates aluminum oxide grit.
The aluminum oxide grit used for this assessment was 320 mesh. Testing was conducted within
a glove box type blast booth, using a double venturi nozzle per U.S. Technology
recommendations, and actual blasting was done by Mr. Dan Kinsinger, U.S. Technology.
Blasting was done in a manual mode, and all process parameters are given as approximations
since, when blasting in a manual mode, physical parameters tend to vary.

Process parameters used during these trials were varied in an attempt to achieve acceptable
selective stripping. Barrier coating damage ranged from erosion of the barrier through to the
primer, and in several instances, removal of barrier and primer to the substrate. The impression
derived from observing these test efforts was that it was difficult to manually control the DMB
process, and that there was little margin of error. Minor over-blast and/or attempts to completely
remove the topcoat through directing the blast stream over an area previously blasted typically
produced, at minimum, some degree of barrier damage.
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Test results are tabulated below.

Table 3.3.1 Selective Stripping Trials with Sponge Blast”" Media

Pressure, MFR, Ib/hr
SOD,in | Angle,deg psi Nozzle (estimated) Stripping Results

12 30° 40 DVN 600 40% removal of the topcoat, barrier and primer damage
12 30° 20 DVN 600 90% removal of the topcoat, some barrier damage

12 30° 45 DVN 600 50% removal of the topcoat, barrier damage

12 30° 45 DVN 600 50% removal of the topcoat, barrier and primer damage
12 60° 45 DVN 300 80% removal of the topcoat, significant barrier damage
12 60° 45 DVN 600 80% removal of the topcoat, significant barrier damage
12 15° 45 DVN 600 80% removal of the topcoat, significant barrier damage
18 15° 35 DVN 600 70% removal of the topcoat, barrier damage

Selective strip results with this media/process combination did not appear to be favorable.
Figures 3.3.1 and 3.3.2 show typical results on S1 and S2 test materials respectively.
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Figure 3.3.1 Sponge Blast" DMB on S1 Test Panel
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Figure 3.3.3 Sponge Blast” DMB on S2 Test Panel

3.4 Sponge-Jet® Silver Media

The Sponge-Jet® media was the last media/process tested The Sponge -Jet® Silver Media is
believed to be ostensibly the same as the Sponge Blast media. Sponge-Jet® Silver Med1a also is
320 grit aluminum oxide grit encapsulated by a soft plastic. A stand-alone Sponge- -Jet® unit was
used instead of the standard media feed system. (The standard media feed system includes the
Pauli media flow valve incorporated into the dry media blast booth system.) The Sponge—Jet
blast system incorporates an auger feed system that is pneumatically driven, and a special device
within the feed pot that keeps the media agitated to prevent media from clogging the feed
system.

In order to use the Sponge-Jet® blast unit for this assessment the same hose and nozzle(s)
assembly used for other assessments was fitted to the Sponge-Jet unit and secured inside the
booth using the nozzle fixture on the y-stage. The inside of the booth was lined with plastic to
prevent the sponge media from entering the reclamation system of the dry booth, and blasted
media was collected and reused in a ratio of 3 parts used to 1 part new as recommended by the

manufacturer. '
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It was desired to find an approximate MFR of 600 Ibs/hr to reproduce work previously
conducted at U.S. Technologies with the similar media. The blast pressure was set at 40 psi and
the auger drive pressure at 50 psi. Three weight measurements were made of the sponge media
with the same blast drum setup used previously. Samples were collected for an elapsed blast
period of 1 minute. These air pressure settings produced an MFR equal to 10. 375 1b/min or
620 lbs/hr. This MFR was deemed acceptable for the testing of the media.

The test results with this media/process were encouraging in that this assessment demonstrated
some tangible level of feas1b111ty of successful DMB stripping. The Sponge-Jet® Silver
Media/process was able to remove the topcoat layer without disturbing the barrier coating during
several test passes. The results appeared to be dependent on the coating thickness, since many
panels showed acceptable stripping on a portion of a given strip footprint, while being
unacceptable on the remaining portion of the footprint. As with previous assessments, stripping
results were not as repeatable as would be desired. Strip rate data were calculated on a limited
basis for this media/process, since it was observed to show signs of acceptable selective stnppmg
at several sets of process parameters. These strip rate data and other data developed in this
assessment are shown below for S1 and S2 type test materials in Table 3.4.1 and Table 3.4.2
respectively.

Figure 3.4.1 Sponge J et® Silver Media DMB using Double Venturi Nozzle
on S1 Test Panel with Acceptable Stripping
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Figure 3.4.2 Sponge Jet® Silver Media DMB using Fan Nozzle
on S1 Test Panel with Reasonable Stripping

In general this process seemed to work best with the S2 test materials. Testing with the S1
materials show more limited success with the double venturi and fan nozzles (Figures 3.4.1 and

3.4.2), while better stripping was observed with both fan nozzles (Figures 3.4.3 and 3.4.4) on the
S2 materials.
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Table 3.4.1 Selective Stripping Using Sponge-Jet® Silver Media, S1 Panels

SOD. | At | P | e | Nowe | R | StpRa

8 30° 40 1.50 DVN 620 0.56 90% removal of the topcoat, some barrier damage

8 30° 40 1.75 DVN 620 0.61 90% removal of the topcoat, no barrier damage

8 30° 40 2.00 DVN 620 0.69 90% removal of the topcoat, no barrier damage

8 30° 40 1.75 DVN 620 0.62 90% removal of the topcoat, some barrier damage

s [ | e [ws [ ow | en | e | W remrhemet on i i m

8 30° 40 2.00 DVN 620 0.75 80% removal of the topcoat, some barrier damage

s | | e e [ow [ e | oem | e
80% removal of the topcoat, some barrier damage, more

8 30° 40 - 1.75 DVN 620 0.63 significant barrierogamage caused by blast ovger’lap

8 30° 40 2.00 DVN 620 0.72 70% removal of the topcoat, no barrier damage

8 30° 40 1.75 DVN 620 0.63 70% remeoval of the topcoat, no barrier damage

8 30° 40 0.50 DVN 620 n/a no stripping, topcoat roughened

8 30° 40 0.75 DVN 620 n/a no stripping, topcoat roughened

8 30° 40 1.00 DVN 620 n/a no stripping, topcoat roughened

8 30° 40 0.25 DVN 620 n/a no stripping, topcoat roughened

8 60° 45 2.00 DVN 620 1.02 90% removal of the topcoat, barrier damage

8 60° 45 2.00 DVN 620 0.93 90% removal of the topcoat, barrier damage

8 60° 45 2.50 DVN 620 1.13 90% removal of the topcoat, some barrier damage

8 60° 45 3.00 DVN 620 1.09 50% removal of the topcoat, no barrier damage

8 60° 40 1.75 DVN 620 n/a no stripping, topcoat roughened

8 60° 40 1.25 DVN 620 n/a 5% removal of the topcoat, no barrier damage

8 60° 40 1.25 DVN 620 n/a 5% removal of the topcoat, no barrier damage

8 60° 40 0.75 DVN 620 0.24 90% removal of the topcoat, barrier damage

8 60° 40 0.75 DVN 620 0.21 90% removal of the topcoat, some barrier damage

] 60° 40 0.75 DVN 620 0.20 90% removal of the topcoat, some barrier damage

8 60° 40 0.75 FAN 620 n/a no stripping, topcoat roughened

8 60° 40 0.50 FAN 620 n/a no stripping, topcoat roughened and some barrier exposed

8 60° 40 0.25 FAN 620 0.35 both barrier and primer damaged

8 60° 40 0.50 FAN 620 n/a no stripping, topcoat roughened and some barrier exposed

8 60° 40 0.75 FAN 620 1.02 70% removal of the topcoat, some barrier damage

] 60° 40 0.75 FAN 620 n/a no stripping, topcoat roughened and some barrier exposed

8 60° 40 0.75 FAN 620 0.98 40% removal of the topcoa(t’,v sec:llr;; barrier damage from blast

8 60° 40 0.25 FAN 620 n/a stripped to substrate and primer

12 30° 40 0.75 FAN 620 0.91 95% removal of the topcoat, slight barrier damage

12 30° 40 0.63 FAN 620 0.81 95% removal of the topcoat, some barrier damage

12 30° 40 0.75 FAN 620 0.94 80% removal of topcoat, slight barrier damage

16 30° 40 0.75 FAN 620 0.96 95% removal of the topcoat, slight barrier damage

16 30° 40 075 FAN 620 0.95 70% removal of the topcoat, barri.er damage from adjacent

blast footprint

16 30° 40 038 FAN 620 0.45 80% removal of topcoat, no barrier damage

16 30° 40 0.50 FAN 620 0.60 90% removal of topcoat, no barrier damage

16 30° 40 0.38 FAN 620 0.48 stripped to substrate and primer
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It is worth noting that during testing with this media/process combination, it was observed that
the overblast associated with the fan nozzle was not as large as was observed with the double
venturi nozzle in relationship to the strip footprint. It was seen that the damage to the coating
system was not as severe in the overblast region of the fan nozzle. This effect from the nozzle
design, coupled with the greater sophistication of the blast equipment used for this process may
explain why this media/process fared better than the other sponge type media/process, since the
other media/process came fairly close to producing acceptable results under different
circumstances. '

Figure 3.4.3 Sponge Jet® Silver Media DMB using Double Venturi Nozzle
on S2 Test Panel with Acceptable Stripping

Figures 3.4.5 and 3.4.6 illustrate the point that, even with the limited success of this
media/process, there were instances where the selective strippability was as inconsistent as had
been observed with other media/processes tested in this study. Figures 3.4.5 and 3.4.6 are
photographs of unacceptable test results for S1 and S2 test materials, respectively.
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Figure 3.4.4 Sponge Jet® Silver Media DMB using Fan Nozzle
on S2 Test Panel with Acceptable Stripping

| igure 3.4.5 Unacceptable Selective Sripping o
with Sponge-Jet® Silver Media, S1 Test Panel
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Figure 3.4.6

Unacceptable Selective Stripping with Sponge-Jet® Silver Media, S2 Test Panel
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Table 3.4.2 Selective Stripping Using Sponge-Jet® Silver Media, S2 Panels

S(i)nD’ A:;eggle, Pre;:;xre, in},s’ec Nozzle I:"l)fhlt, St;t'zl;:i:e’ Stripping Results
8 30° 40 150 DVN 620 0.67 . 95% removal of the topcoat, barrier damage
8 30° 40 2.00 DVN 620 0.89 95% removal of the topcoat, slight barrier damage
8 30° 40 2.25 DVN 620 0.81 20% removal of the topcoat, no barrier damage
8 30° | 40 2.25 DVN 620 0.84 20% removal of the topcoat, no barrier damage
8 30° 40 2.00 DVN 620 0.72 40% removal of the topcoat, no barrier damage
8 30° 40 2.00 DVN 620 0.73 80% removal of the topcoat, no barrier damage
8 60° 40 150 |« DVN 620 n/a no stripping, topcoat roughened only
8 60° 40 2.00 DVN 620 n/a no stripping, topcoat roughened only
8 60° 40 0.75 DVN 620 n/a 20% removal of the topcoat, no barrier damage
8 60° 40 1.25 DVN 620 n/a 20% removal of the topcoat, no barrier damage
8 60° 40 1.00 DVN 620 0.36 90% removal of the topcoat, no barrier damage
8 60° 40 1.00 DVN 620 0.39 '95% removal of the topcoat, no barrier damage
8 60° 40 1.00 DVN 620 0.40 95% removal of the topcoat, no barrier damage
8 60° 40 1.00 FAN 620 n/a 5% removal of the topcoat, no barrier damage
8 60° 40 0.75 FAN 620 0.94 70% removal of the topcoat, no barrier damage
12 30° 40 0.38 FAN 620 n/a stripped to substrate and primer
12 30° 40 0.75 FAN 620 0.88 80% removal of the topcoat, slight barrier damage
12 30° 40 0.75 FAN 620 0.86 80% removal of the topcoat, slight barrier damage
12 30° 40 0.75 FAN 620 0.83 60% removal of the topcoat, no barrier damage
12 60° 40 0.63 FAN 620 n/a 20% removal of the topcoat, no barrier damage
12 60° 40 0.50 FAN 620 n/a 20% removal of the topcoat, no barrier damage
| o [ o | ow | e | en | s | S remoulalieienenn i damie ot on
16 30° 40 0.50 FAN 620 0.66 95% removal of the topcoat, no barrier damage
16 30° 40 0.50 FAN 620 0.66 95% removal of the topcoat, slight barrier damage
16 30° 40 0.50 FAN 620 0.66 95% removal of the topcoat, slight barrier damage
16 30° 40 0.63 FAN 620 0.79 85% removal of the topcoat, no barrier damage
16 30° 40 0.63 FAN 620 0.79 85% removal of the topcoat, no barrier damage

4.0 DISCUSSIONS/CONCLUSIONS

Thoughout the course of the testing conducted under this project, the results have been notably
inconsistent. This also held true with the test results associated with the Sponge-Jet® Silver
Media process even though this process was fairly singular in demonstrating some degree of
successful selective stripping with the WR-ALC barrier coating system.

Several variables have been noted that probably have contributed to these inconsistencies. It
seems plausible to state that the primary variable relates to the coating system itself. For
example, Battelle Memorial Institute has developed test data that suggests that the most effective
selective stripping with the water blast process is achieved after conditioning test materials with
UV light, which is intended to simulate exposure to natural sunlight. The test materials used for
the SWRI assessments did not undergo this conditioning. It has been suggested by Battelle that
test results associated with this SWRI project may be influenced by this lack of conditioning.
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Other factors such as specialized equipment and nozzle design play a role, but that role may be
fairly minor in terms of the impact imposed by the coating system and media type.

However, given the issues noted above, it may be stated that a level of feasibility of use of a
DMB process with the barrier coating system has been demonstrated. The inconsistencies
encountered in this study make it difficult to fully determine the degree of feasibility regarding

different media, process equipment, and applicability as a manual process. :

5.0 RECOMMENDATIONS

Recommendations for future efforts should include an investigation into the real role that coating
system aging plays in selective stripping of the barrier coating system. High levels of UV
exposure are typical to only certain areas on any aircraft, and other areas such as under the
wings, etc., certainly see less exposure. Therefore, for successful integration of the barrier
system into Air Force operations, the effect on strippability with any process must be defined in
terms of various aging conditions. A full determination of feasibility of DMB selective stripping
cannot be concluded without the information about aging, since there is no point in trying to
optimize the various processes, and/or the coating system for DMB applications, without
resolution to the aging issues.
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